Human immunodeficiency virus (HIV) is known for its ability to infect CD4-positive T lymphocytes. However, HIV is also capable of infecting other cell types, including macrophages of blood and various organs (22, 39, 45) , intestinal epithelial cells (2, 41) , brain capillary endothelial cells (53) , placental cells (38) , and various cells derived from neural and connective tissues (8, 9, 13, 14, 17, 49, 51) . HIV-infected macrophages have been observed in human brain tissues (28, 32, 50) , and such cells may be involved in the AIDS dementia syndrome. HIV infection of macrophages and T lymphocytes has also been studied in vitro. HIV can be isolated from peripheral blood mononuclear cells (PBMCs) of most seropositive individuals by cocultivating with differentiated macrophages (23, 24) or phytohemagglutinin (PHA)-stimulated CD4-positive lymphoblasts from normal donors (30) . These results suggest that the HIV in most patients is either dual tropic for both macrophages and T cells or that mixed macrophage-tropic and T-cell-tropic virus populations coexist in these individuals. Some HIV stocks may show a preference for infecting macrophages rather than T lymphoblasts (22) , but other cloned macrophage-tropic HIV strains infect both macrophages and T lymphoblasts (34) . However, none of these macrophage-tropic HIV strains infects T-leukemia cell lines. Conversely, many HIV strains have been adapted to continuous laboratory passage in T-cell leukemia lines. These viruses can also infect PHA-stimulated T lymphoblasts but usually fail to infect macrophages (16, 24) . Recent data have identified sequences in the HIV envelope gene which appear to be important for macrophage and T-leukemia cell line tropism (42, 47) . However, the molecular details of the virus-cell interactions responsible for these differences are currently not well understood and may be important in altering disease pathogenesis.
We have recently generated CD4-positive HeLa cells (clone 1022) capable of being infected by HIV produced by PBMCs of AIDS patients within 0 to 4 days of blood sampling. HIV from 53 of 56 patients readily infected 1022 cells; however, HIV from 3 patients failed to infect these cells (12) . Thus, 1022 cells appeared to detect distinguishable patterns of cell tropism among these AIDS patient HIV isolates. In the present study we used several molecularly cloned HIV strains which differed in their abilities to infect 1022 cells. The region of the HIV genome influencing tropism for 1022 cells was identified by using infectious recombinant HIV constructions, and the mechanism of resistance to infection was shown to be related to viral entry. (10, 12) . Human macrophage cultures were prepared from monocytes purified from peripheral blood of normal donors by adherence and EDTA elution on dishes coated with gelatin plus fibronectin (20 Infectivity of recombinant HIV constructs. Infectious molecular clones were available for strains JR-CSF, JR-FL, and NL4-3. Therefore, recombinant infectious HIV constructs were made by exchanging different portions of these HIV genomes. Constructs were used to determine which region(s) of the viral genome influenced infectivity of various cell types. All constructs had a high infectivity titer on PHA-stimulated PBMCs (Fig. 1 ). Titers were not altered by removal of macrophages and monocytes by plastic adherence prior to infection (data not shown). Thus, the majority of infected cells in these cultures were CD4-positive lymphocytes, and no differences in tropism were observed among the constructs tested. In contrast, on clone 1022 CD4-positive HeLa cells recombinant constructs segregated into two groups according to infectivity titers. One group gave no detectable titers, and the other group gave titers similar to those observed on PHA blasts (Fig. 1) . The smallest fragment which could abolish NL4-3 infectivity in 1022 cells was a 120-bp region of JR-CSF between an MluI site at position 7121 and a NheI site at position 7250 in construct NCN-MN. All other constructs containing this portion of JR-CSF or JR-FL also failed to infect 1022 cells. Furthermore, in the background of the JR-CSF genome, the DralIl-to-the XhoI insert of NL4-3 in construct CNC-DX was sufficient to permit 1022 infectivity, whereas presence of the NL4-3 portion from MstII to XhoI in construct CNC-MX lacked 1022 infectivity. These two constructs differed only for the region between DralII and MstII, and thus these results supported the conclusion that the region of envelope from DraIllI to MstII around the V3 loop was critical for cell tropism. All recombinant constructs were also tested on CEM leukemia cells, and results were identical to those observed with 1022 cells.
MATERIALS AND METHODS

Cells
Macrophage infectivity was tested by infection with undiluted virus stocks because in preliminary experiments neither JR-CSF nor JR-FL strains could infect macrophages beyond the 10-1 dilution (data not shown However, the constructs differed significantly in peak levels of reverse transcriptase produced. All viruses which infected 1022 cells or CEM cells showed only background levels of reverse transcriptase (Fig. 1) . In contrast viruses NFN-SX and NCN-SB with large envelope gene inserts from JR-FL and JR-CSF respectively showed a 10-to 20-fold increase in reverse transcriptase levels. However, cultures of recombinants with smaller inserts from this envelope region consistently had lower reverse transcriptase levels, although viruses NLN-SN and -MN with the V3 region of JR-CSF were always three-to fourfold above the background levels seen with other constructs (Fig. 1) (Fig. 2) . However, whereas NL4-3 induced formation of massive syncytia in the 1022 cells, JR-CSF caused only rare syncytia, usually with less than 5 nuclei, and the majority of cells expressing viral protein in these cultures remained mononuclear (Fig. 2) . Despite this difference in virus-induced cell fusion, 1022 cells transfected with either virus made infectious HIV which could be transferred to PHAstimulated PBMCs by cocultivation (data not shown). Thus, introduction of JR-CSF genomes into 1022 cells by transfection led to productive infection, and this suggested that the main block to successful infection of 1022 cells by JR-CSF was at the level of viral entry.
Pseudotyping of HIV by HTLV-I and HTLV-II. We have previously shown that HIV genomes pseudotyped by mixed infection with murine leukemia viruses could successfully enter and productively infect various CD4-negative human and mouse cell lines (11) . We amphotropic MuLV, as was shown previously with NL4-3 (11) . This confirmed that the mechanism of infection by JR-CSF involved viral pseudotype formation and utilization of the cellular receptor for amphotropic MuLV.
DISCUSSION
Among the recombinant HIV strains used in this study tropism for macrophages and 1022 cells was mutually exclusive. No dual-tropic strains were detected. The present results were similar to those of recent studies using different HIV clones which found no dual-tropic recombinants capa- (25) rather than the CD4-binding region or gp4l fusion domain (21, 33, 35) (Fig. 3) . Type-specific antibodies have been found to recognize the V3 loop, block cell fusion, and neutralize virus infectivity (25, 37, 44) (19) .
quence of four amino acids (Gly-Pro-Gly-Arg) at the tip of the V3 loop in many HIV clones and that mutations altering these amino acids inhibit fusion of CD4-positive HeLa cells by HIV envelope (19) . Interestingly, HIV strains NL4-3 and JR-CSF both contain this sequence, and therefore both should be competent to induce cell fusion. Since JR-CSF does not fuse or infect 1022 cells efficiently, this virus must lack other sequences in the MluI-to-NheI region which are also required for fusion and entry of 1022 cells. NL4-3 and JR-CSF differ by 11 amino acids between the MluI and NheI sites (Fig. 3) . Nine of these changes are within the V3 loop. However, it is unclear at present how the extreme sequence variability in the V3 loop could give rise to the general subgroups of HIV strains with tropism for T cells or macrophages. It seems likely that some common structural features would be required to maintain these consistent patterns of infectivity in spite of the high variability of the loop itself. Recent data suggest that portions of the V3 loop can be hydrolyzed by various proteases, and such proteolysis might be important in activation of the fusing activity of the envelope protein (15, 26) . If in different cell types such proteolysis were carried out by cellular enzymes with different target sequences, the variability of the amino acid sequence around the V3 loop might determine susceptibility of the HIV envelope to proteolysis and this might in turn influence entry of a particular cell type by a particular HIV strain. Alternatively, proteolysis of the V3 loop of different HIV strains by the same protease would still produce protein structures with different sequences which might differ in their abilities to carry out the fusion step with different cell types.
The present results showing the importance of the MluIto-NheI region in cell tropism differences among HIV strains NL4-3, JR-CSF, and JR-FL are in agreement with studies using HIV strains SF2 and SF162 (47) and with recent studies using BA-L and IIIB strains (29) . However, it is unclear at present whether these findings can be generalized to all HIV strains. Furthermore, none of these results exclude the possibility that other regions of the HIV genome also play an important role in cell tropism. Two previous studies suggested that adjacent envelope gene sequences could also influence HIV productivity or infectivity in macrophages (42) or T-leukemia cell lines (47) . In addition, on the basis of results with murine and avian retroviruses, it should be expected that tissue-specific enhancer elements in the long terminal repeat or other regions might also influence cell tropism of HIV (3, 48, 52) . Since tropism effects mapping to the long terminal repeat were not observed in our studies, it is likely that the virus strains we compared do not differ functionally in long terminal repeat or other regions which also might influence cell tropism. A wider variety of HIV strains will have to be studied to search for additional viral factors involved in this phenomenon.
